These junctional failures often result in the need for revision surgery and can have potential catastrophic neurological sequelae. Old age, osteopenia, preoperative comorbidities, and severe global sagittal imbalance have been associated with these failures in the adult deformity population. 7 , 9 , 10 Many of the acute proximal junctional failures (APJFs) seem to occur in the early postoperative period and may result from reciprocal changes in the unfused portions of the spine or from increased loads and motion in the mobile segments adjacent to a long level fusion. Given the frequent need for extension of instrumentation proximal to these failures, the occurrence of APJFs has clear clinical signifi cance. To date, reports on the occurrence of APJFs have been limited primarily to small single-center reviews. 7 -12 The goal of this multicenter review is to report the incidence of failure across a large, consecutive case series and to better understand the potential differences among patients with different failure locations ( i.e. , failures in the upper thoracic [UT] vs. thoracolumbar [TL] region of the spine).
We identifi ed APJFs in 5.6% of patients undergoing surgical treatment of adult spinal deformity, with failures occurring primarily in the TL region of the spine. There is evidence that the mode of failure differs depending on the location of upper instrumented vertebra (UIV), with TL failures more likely due to fracture and UT failures more likely due to softtissue failures.
MATERIALS AND METHODS
After institutional review board approval, all patients with adult spinal deformity who underwent posterior segmental spinal instrumentation at 10 spinal deformity centers were retrospectively and consecutively reviewed to evaluate the incidence of APJFs. Inclusion criteria consisted of age 18 years or older and diagnosis of adult spinal deformity with at least 1 of the following radiographical criteria: scoliotic curve (idiopathic or degenerative) more than 30 ° , sagittal imbalance more than 5 cm, coronal imbalance more than 5 cm, thoracic kyphosis (TK) more than 60 ° (T3 or T5-T12), lumbar lordosis (LL) less than 30 ° , or TL kyphosis (T10-L2) more than 20 ° . The series included both primary and revision surgical cases. For inclusion, subjects also required an available preoperative clinical chart, operative summary, postoperative hospital chart, and pre-and postoperative radiographical fi lms (full-length coronal and sagittal).
Among the 1218 consecutive adult spinal deformity patients who underwent spinal instrumentation, 68 patients were identifi ed as experiencing an APJF. Clinical data collection included the following: age, sex, weight, height, body mass index (BMI), preoperative diagnosis, spinal surgery history, surgical approach details, osteotomy level and type, fusion levels, type of instrumentation used, details of junctional failure, and indications for whether patient received or was scheduled to receive surgical revision.
Radiographical Analysis
All subjects had radiographical imaging of the spinopelvic axis using 36-in. radiographs. Digital fi lms were obtained or fi lms were digitized using a Vidar scanner (VIDAR Systems Corp., Herndon, VA) with 75 dpi resolution and 12 gray levels and assessed using Spineview (Surgiview, Paris, France). 13 , 14 Spinal measurements included TK (Cobb angle superior endplate of T5 to inferior endplate of T12), TL kyphosis (Cobb angle superior endplate of T10 to inferior endplate of L2), LL (Cobb angle superior endplate of T12 to superior endplate of S1), maximal TK, maximal LL, and sagittal vertical axis (SVA) (distance from C7 plumb line to posterior superior corner sacrum; Figure 1 ). Pelvic measurements included pelvic tilt (angle between the vertical and the line through the midpoint of the sacral plate to the axis of femoral heads), sacral slope (angle between the horizontal and the superior S1 endplate), and pelvic incidence (angle between the perpendicular to the superior S1 endplate at its midpoint and the line connecting this point to the center of the femoral heads) ( Figure 2 ). Proximal junctional angle was defi ned as the caudal endplate of the UIV to the cephalad endplate of 2 supraadjacent vertebrae above the UIV as previously described. 5 , 7 Defi nitions of early proximal failure included any of the following within 28 weeks of the index procedure: an increase in proximal junctional kyphosis of 15 ° or more, fracture of UIV or UIV + 1, need for proximal extension of fusion, and/ or pullout or failure of UIV fi xation. For study inclusion, patients needed to have complete radiographical data including good quality 36-in. standing anteroposterior and lateral radiographs from preoperation, early postoperation, and after the junctional failure. Radiographs were required to demonstrate all the vertebrae from C7 to S1 as well as the acetabuli and femoral heads. The APJFs were separated into 2 groups for analysis: TL failures were defi ned as occurring between T7 and the TL junction L1-L2 (TL-APJF; Figure 3 A-C: pre-, post-, and worst PJF radiographs, respectively), with UT failures defi ned as those above T7 (UT-APJF; Figure 4 A-C: pre-, post-, and worst PJF radiographs, respectively).
Statistical Analysis
Statistical analyses were performed using Stata version 12.1 (StataCorp, College Station, TX). Differences in categorical data were assessed using the Fisher exact test, whereas differences in continuous data were assessed using the t test and the Wilcoxon rank-sum test. For all tests, statistical signifi cance was set at α = 0.05.
RESULTS
There were 68 cases of APJF identifi ed from a retrospective consecutive case review of 1218 adult deformity surgeries performed at 10 spine centers (overall incidence of 5.6%). Fortyfi ve of the 68 patients (66%) experienced a failure in the thoracolumbar region of the spine (TL-APJF, and 23 patients (34%) experienced a failure in the upper thoracic region of the spine (UT-APJF). Table 1 summarizes the age, BMI, sex, surgical details, and failure outcomes of the 68 patients identifi ed as having APJF. change. The Table illustrates that patients in the UT-APJF group had signifi cantly more preoperative TK than those in the TL-APJF group as measured from both T2-T12 and T5-T12. The UT-APJF group also had signifi cantly more preoperative LL than the TL-APJF group. Postoperatively, the TL-APJF group had signifi cantly more TK from T5 to T12 than the UT-APJF group, whereas the UT-APJF group had significantly more proximal kyphosis from T2 to T5. No signifi cant differences emerged in postoperative LL. Finally, there were signifi cant differences in all measures of the change in TK (with the exception of T10-L2 kyphosis) and also signifi cant differences in the alteration in LL, with TL failures showing a greater average increase in lordosis than UT failures.
DISCUSSION
The 5.6% rate of APJF in this study, as well as the overall revision rate from APJF, is similar to that reported in other articles. 9 , 12 With a multicenter review of 1218 surgeries and detailed analysis of 68 junctional failures, this study represents the largest reported series of junctional failures to date. Attempts to minimize the occurrence of these failures are important given the high rates of early revision surgery required (exceeding 40% in this series) and its associated risk and expense.
Although very few of the reported APJF cases had the available preoperative bone mineral density data to be able to make any defi nitive statements, its role in the high rate of fractures can be seen in the TL-APJF group. The higher fracture rate seen in the TL-APJF group likely represents both As illustrated in the Table, patients with TL-APJF were significantly older and had signifi cantly fewer levels fused than the UT failure group. There were also signifi cant differences in the mechanism of junctional failures between the TL and UT failure groups. The TL-APJF group had fractures as the most common source of failure at 62% (28 of 45 patients), whereas the UT-APJF group had fractures in only 17% (4 of 23 cases). The most common mode of failure associated with the UT-APJF group was soft-tissue failure without fracture or instrumentation failure (15 of 23 patients, or 65% cases). Trauma was reported in only 9% (6 of 68 patients) of all junctional failures, the relative frequency of which did not differ significantly between the UT and TL failure groups. Twenty-eight of the 68 junctional failures had been surgically revised at the time of data collection, and the revision rate did not differ signifi cantly between the 2 failure groups. Table 2 summarizes pre-and postoperative spinopelvic measurements as well as the pre-to postoperative change in each respective measure. The TL-APJF and UT-APJF groups showed no signifi cant preoperative difference in sacral slope, pelvic tilt, pelvic incidence, or SVA; however, differences in postoperative SVA were signifi cant, with the TL-APJF group, remaining 5.9 cm positive on average, and the UT-APJF group having an average SVA of 1.9 cm. There were no signifi cant differences between the groups in pre-to postoperative change in spinopelvic parameters including the amount of SVA alteration. Table 3 summarizes pre-and postoperative regional alignment measurements and the respective pre-to postoperative Medical optimization of bone density preoperatively as well as possible intraoperative vertebral augmentation strategies should be used to try and mitigate fracture risks. Differences in the use of hybrid constructs between the 2 groups are likely not signifi cant given the age differences between the 2 groups and the fact that prior studies have demonstrated that, when adjusted for age, all screw constructs likely do not represent an independent risk factor for junctional failure. 7 more advanced age of patients in that group and a likely higher incidence of osteopenia and/or osteoporosis, given the strong inverse correlation with bone density and age in women and the strong predominance of women in the series. Given the high rate of fracture as a mechanism of failure of the TL cases, it seems clear that bone mineral density studies should be a routine part of any workup for older patients considered for fusion constructs stopping at the TL spine. showed that the average preoperative and postoperative SVA was greater in the TL failure group. The change in SVA from pre-to postoperation was not statistically different between the groups, eliminating greater SVA alteration and possibly greater compensatory reciprocal changes in the unfused segments of the spine as putative mechanism to explain the UT failures. The average change in SVA in the UT group measured only − 4.5 cm and the average postoperative SVA in that group measured within the normal range at + 1.9 cm.
Older age, greater BMI, and osteopenia, as well as front and back surgery have all been identifi ed as risk factors for the development of catastrophic failures at the top of long pedicle screw constructs. 7 , 9 One of the interesting fi ndings from analysis of this large study group is that the prediction of these junctional failures preoperatively may be problematic. A third of the failures was in the UT region, and within this group the average age was only 56 years, average BMI was only 25.7, and fractures occurred in less than 20% of cases (4 of the 23). Analysis of spinopelvic parameters 
